Schizophrenia is a chronic disease with negative impact on patients' employment status and quality of life. This post-hoc analysis uses data from the QUALIFY study to elucidate the relationship between work readiness and health-related quality of life and functioning.
Introduction
Schizophrenia is a chronic and disabling disease in which repeated relapses have a negative impact on patients' functioning and are disruptive for patients' education and employment [1] . Unemployment is a large burden for patients as well as for society, and on average, the worldwide proportion of patients with schizophrenia who are not undertaking any paid employment is around 80% [2] . Unemployment has socioeconomic consequences for the patient's ability to live independently and participate actively in the community and thus can adversely impact quality of life [3] . Improved quality of life and functioning is an essential long-term treatment goal in schizophrenia for patients, caregivers, clinicians, and payers that is receiving increasing scientific and societal attention [4, 5] . Therefore, evaluating the ability to function within a working environment (i.e. work readiness) in schizophrenia is of clinical relevance, and increasing the functional capacity to work should be considered a valuable goal in the treatment of schizophrenia, increasing patients' social integration in the community. Systematic assessments of capacity to work and work readiness, such as the clinician-rated Readiness for Work Questionnaire (WoRQ), constitute a practical and validated approach to assess treatment-induced improvement of functioning in patients with schizophrenia [6] . The simplicity of the Yes/No question as to whether the patient is ready to work is potentially useful in clinical practice, where more lengthy, detailed scales are unlikely to be administered routinely.
The QUALIFY (QUAlity of LIfe with AbiliFY Maintena
1
) study is one of the few randomized studies directly comparing two different long-acting injectable antipsychotics (LAIs), and was the first to compare the effects of two atypical LAIs on a measure of health-related quality of life and functioning as the primary outcome. The Heinrichs-Carpenter Quality-of-Life scale (QLS) is a detailed assessment [7] , broadly defining functioning as an individual's ability to perform normal daily activities required to meet basic needs, fulfil usual roles, and maintain their health and well-being [8] . The QLS is one of the relatively few rating scales designed to assess aspects of functional impairment (social, occupational, and psychological) associated with schizophrenia, and it is sensitive to subtle change over time, as well as to the psychopharmacological effect of treatment. Thus, QLS is the most widely used instrument for assessing health-related quality of life in schizophrenia [9] . A drawback of the clinician-rated QLS is that the long administration time (30-45 minutes) can be burdensome for the patient as well as the clinician [10] .
The primary analysis of the QUALIFY study, performed using a mixed model for repeated measures (MMRM), showed non-inferior and superior improvements with AOM 400 vs PP on QLS total score over 28 weeks [11] . Furthermore, the QUALIFY study was the first study to apply the WoRQ instrument to assess differences between two treatments for schizophrenia. The effect of AOM 400 and PP on work readiness was analyzed post-hoc using logistic regression adjusted for baseline status to compare odds of work readiness after 28 weeks of treatment. We recently reported significantly greater improvement on WoRQ total scores with AOM 400 vs PP, as well as significantly more patients improving in work readiness status after AOM 400 vs PP treatment [12] .
As a randomized phase IV study, QUALIFY is a rich data source enabling cross-validation of instruments used in the evaluation of functioning in schizophrenia. This study is particularly well-suited to investigate the association between improvements on different scales of health-related quality of life and functioning after switching to LAI therapy.
In this post-hoc analysis of the QUALIFY study, we investigated the association between response to LAI treatment with AOM 400 or PP on measures of patient functioning and work readiness (QLS and WoRQ). 
Methods

Study design
This was a post-hoc analysis of data derived from the QUALIFY study, a randomized controlled trial comparing the atypical LAIs, AOM 400 and PP in stable adult patients, ages 18 to 60 years, with schizophrenia (defined by DSM-IV-TR). The study design and patient population of the QUALIFY study were previously described in detail [11] ; the protocol was approved by the relevant institutional review board for each country in which the trial was conducted (S1 Text), all patients provided written informed consent, and the study was conducted in accordance with the Declaration of Helsinki. Briefly, included patients were switching from oral to LAI antipsychotic treatment and had clinical global impressionseverity (CGI-S) scores !3 (mildly ill) and 5 (markedly ill) at the screening and baseline visits. Patients with a diagnosis of psychiatric disorder or DSM-IV-TR axis I disorder other than schizophrenia or acute exacerbation of psychotic symptoms, or hospitalization for >3 months before the screening visit were excluded. This post-hoc analysis was longitudinal and observational in nature, and combined all patients in the QUALIFY study, regardless of treatment group, to determine the effect of treatment response on patient functioning and work readiness.
Assessments
The QLS (Table 1 ) was the primary outcome of the QUALIFY study [11] , assessed at baseline and at weeks 4, 8, 16 , and 28 (end of study) by a rater blinded to the treatment. The QLS comprises 21 items in 4 domains [7] . In addition, a number of secondary outcomes were evaluated in the QUALIFY study, including WoRQ (Table 1) which was rated at baseline and at week 28 (end of study). WoRQ was administered by a rater who was not blinded to the treatment (a different rater from the one assessing QLS). The CGI-S scale [13] quantifies the clinician's impression of the patient's current illness severity on a scale ranging from 1 (normal, not at all ill), to 7 (among the most extremely ill patients). In the QUALIFY study, CGI-S (included as secondary endpoint) was used to assess symptom severity at all visits, namely screening, baseline and post-baseline at weeks 2, 3, 4, 8, 12, 16, 20, 24 , and 28 (end of study).
Statistical analysis
All analyses were conducted in the full analysis set, which is a modified intent-to-treat set comprising treated patients with valid baseline QLS and WoRQ assessments, at least one valid post-baseline QLS assessment, and a valid week-28 WoRQ assessment. Thus, analyses were conducted in a subset of patients from the QUALIFY study. It should be noted that the final population included in the current post-hoc analysis (n = 208) comprised those who completed the original QUALIFY study (n = 183) as well as 25 additional patients who discontinued before completing the study but did complete a week-28 WoRQ assessment.
Irrespective of AOM 400 or PP treatment, patients were categorized based on work readiness Table 2 , item 8. Due to the low number of patients shifting in work readiness from Yes at baseline to No at week 28 (n = 7 for AOM 400; n = 9 for PP), these patients were grouped with those not ready to work either at baseline or at week 28 in the "No at Week 28"-group. 
QLS WoRQ
Objective To assess health-related quality of life and functioning in patients with schizophrenia during the preceding four weeks [7] To assess functional capacity to work and work readiness in patients with schizophrenia [6] Rater Clinician Clinician 
Domain
Scoring
Each item is rated on a 7-point scale, ranging from 0 (severe impairment) to 6 (normal or unimpaired functioning), and definitions are provided for 4 anchor points of the 7 points. Higher scores indicate a better quality of life and functioning, and QLS total scores thus ranges from 0-126.
Each statement item is rated on a 4-point scale, ranging from 1 (strongly agree) to 4 (strongly disagree). In the final item 8, the clinician indicates if the patient is ready for work independent of the score in each item (Yes/No). WoRQ total score is the sum of items 1-7, and thus ranges from 7-28 with lower scores indicating better functioning.
QLS WoRQ
Objective To assess health-related quality of life and functioning in patients with schizophrenia during the preceding four weeks 7 To assess functional capacity to work and work readiness in patients with schizophrenia 
Scoring
a For domain scores and total scores, scores for patients who could not be rated on items 1 and 12 were prorated on the basis on the items 2-8 and items The changes in QLS total, domain, and item scores were compared in work readiness shift groups using a MMRM with an unstructured covariance matrix including baseline score-byvisit interaction, geographic region (Europe/North America), age group ( 35/>35 years), visit, and treatment-by-visit interaction as fixed effects. This post-hoc analysis used MMRM methodology similar to what was used in the primary analysis [11] .
The time-dependence of the associations between work readiness status and QLS total scores or CGI-S scores were analyzed with logistic regressions applied to assess the predictive effects of absolute scores of QLS total and CGI-S at individual visits on the positive outcome ("Yes") in work readiness at week 28. The logistic regressions used baseline status of readiness to work and QLS total or CGI-S scores as covariates, and input scores (QLS total or CGI-S) were standardized using mean and standard deviation for each visit to account for the numerical differences in the score ranges. As a consequence of standardization, the size of parameter estimates for QLS total and CGI-S is comparable between scales and indicates the strength of the effect of the particular score at the given visit in predicting the work readiness outcome at week 28. The positive or negative parameter estimates indicate the direction of improvement on each scale (clinical improvements correspond to higher QLS total and lower CGI-S scores), and the parameter estimates were tested for differences from zero. For the exploratory analyses presented here, p-values were considered nominal and were not corrected for multiple comparisons. 
Results
Patients who were rated as ready to work at baseline and week 28 generally showed baseline scores corresponding to higher functioning (QLS [total, and all four domains] and WoRQ) and milder disease severity (CGI-S) as compared to patients rated not ready to work at baseline (Table 2 and S1 Table) . Patients who shifted from No to Yes in work readiness showed least squares mean (LSM) change from baseline to week 28 (±SE) on QLS total scores of 14.3±2.2 (Fig 1) . This change was significantly greater than in the group of patients who were No at week 28 in work readiness (LSM change from baseline to week 28: 2.7±1.4; LSM difference: 11.6±2.6, 95%CI: [6.5; 16.7] , p<0.0001). Patients with Yes in work readiness both at baseline and week 28 also showed significantly greater LSM changes on QLS total scores (10.5±2.2) compared with patients who were No at week 28; LSM differences: 7.9±2.7, 95%CI: [2.5; 13.2], p = 0.0045 (Fig 1) .
In similar analysis as for QLS total scores, patients who were ready to work at week 28 (either No to Yes or Yes to Yes) also had significantly greater improvements relative to patients Functioning in schizophrenia: Post-hoc analysis of the QUALIFY study who were not ready to work at week 28, across all QLS domains. QLS instrumental role domain scores were significantly improved in patients shifting from No to Yes in work readiness compared to patients who were No at week 28; LSM difference: 3.3±0.7, 95%CI: [1.8;4.8], p<0.0001 (Fig 1) . In contrast, patients judged as ready to work both at baseline and at week 28 (Yes to Yes) did not show greater improvement on QLS instrumental role domain scores compared to patients who were No at week 28 in work readiness; LSM difference: 1.1±0.8, 95%CI: [-0.4; 2.6], p = 0.150 (Fig 1) .
Across QLS items, patients rated ready to work at week 28 generally showed significant improvement vs patients not ready to work at week 28 (Fig 2) . On the specific items of QLS instrumental role (Items 9-12: occupational role, work functioning, work levels, work satisfaction), improvements of nearly 1 point on each item were found in the patients shifting from No to Yes in work readiness (Fig 2) . In contrast, improvements on QLS items of work level and occupational role were not significantly different between patients Yes in work readiness both at baseline and week 28 versus patients who No at week 28 (Fig 2, Items 9 and 11) .
The logistic regression describes how QLS total and CGI-S scores predicted readiness to work at week 28 (Fig 3) . Significant associations between QLS total scores and work readiness at week 28 occurred at all visits. CGI-S scores at baseline did not significantly predict work readiness at week 28 (p = 0.2805), although CGI-S scores at subsequent visits were predictive (p 0.0307). Furthermore, parameter estimates were generally higher when using QLS total scores as predictors (absolute values 0.686 to 1.033) as compared to CGI-S scores (absolute values 0.175 to 0.996). This suggests a closer association to work readiness, with faster onset between measured improvements, for QLS as compared to CGI-S. The parameter estimates for the predictive effect of QLS total and CGI-S scores generally increased during the study, indicating better predictions of work readiness when scores were measured closer in time to the outcome at the end of the study. The increase in the parameter estimates during the study was observed particularly for the CGI-S scores (Fig 3) .
Discussion
This post-hoc analysis of the QUALIFY study showed that after switching to atypical LAI therapy strong associations between improvement in functioning and work readiness were revealed, as measured with QLS and WoRQ, respectively. Robust and clinically relevant 14-point improvements from baseline to week 28 on QLS total score were observed in patients who concurrently shifted from No to Yes in work readiness. The 14-point improvement in QLS total score corresponds to more than twice the minimal clinically important difference [14] . The association between the QLS domain of instrumental role function and work readiness was particularly noteworthy. Furthermore, QLS total scores better predicted outcome on work readiness than did the measure of symptom severity (CGI-S). This finding demonstrates that quality of life and functional improvement can lead to a tangible and meaningful outcome for the patient (i.e., the ability to work). Overall, these results suggest that improving work readiness is achievable in patients with schizophrenia, and thus can be an important goal of treatment.
The QUALIFY study was the first to assess improvements in health-related qualify of life with concurrent systematic assessments of functional capacity to work and the data from this study provide a unique opportunity to investigate the association between treatment-related improvements in two distinct measures of functioning in schizophrenia. The patients who shifted from No to Yes in work readiness showed the largest changes on the QLS domain related to work-Instrumental role items on work role, level, performance, and satisfactionand it is not surprising that the association between improvement in QLS and work readiness was strongest for QLS items related to work function. These results are also in line with a published outpatient study showing that the highest correlations between hours worked and QLS were also in the Instrumental role domain [15] . Our results also indicate that the independent raters in the study (QLS-raters were blinded to treatment while the WoRQ-raters were not blinded to the treatment) assessed patient improvements similarly and highlight the consistency between these two scales.
The large and consistent improvements in QLS total scores in patients shifting from No to Yes in work readiness suggesting a strong association between health-related qualify of life (QLS) and the functional capacity to work (WoRQ) is also supported by the QLS total scores at every visit significantly predicting work readiness at week 28 in the logistic regression. Although CGI-S scores also significantly predicted work readiness, the estimates of prediction were generally lower as compared to those obtained with QLS total scores. Thus, these associations suggest that general status in functioning (QLS) strongly predicts the possibility of attaining an important functional milestone (work readiness) in the treatment of schizophrenia. With regard to the CGI-S analysis, however, it should be noted that the study inclusion criteria restricted CGI-S scores to between 3 and 5. The limited range allowed for baseline CGI-S may have affected the parameter estimate of predictability and resulted in the absence of a significant association between CGI-S scores at baseline and work readiness at week 28. Nevertheless, the association between baseline CGI-S and work readiness at week 28 strengthened during the study, as illustrated by increases in parameter estimates for CGI-S scores at each subsequent post-baseline visit. Despite the time-dependent increases in CGI-S predictability, larger parameter estimates at all visits for QLS still suggest stronger predictive value of QLS total scores than for CGI-S scores on improvements in work readiness.
The QUALIFY study used CGI-S as a surrogate measurement of clinical status, instead of symptom severity as measured by the Positive and Negative Syndrome Scale or the Brief Functioning in schizophrenia: Post-hoc analysis of the QUALIFY study Psychiatric Rating Scale. Previous studies have shown a close correlation between Positive and Negative Syndrome Scale, Brief Psychiatric Rating Scale and CGI-S [16] . These post-hoc analyses suggest that improvements in health-related quality of life and functioning have a stronger association with readiness to work when compared to the association between global clinical impression and work readiness. This is in line with a previous report demonstrating that improvements in functioning are distinct from symptom improvements and improvements in functioning and quality of life extend beyond psychopathological changes [17] . Furthermore, these recent guidelines for the treatment of schizophrenia also reinforce improvements in functioning and quality of life as main goals of treatment during the stable phase after ensuring that symptom remission or control is sustained.
It should be noted that the present post-hoc analyses are exploratory in nature. Furthermore, the analyses were done with both treatment groups combined, and thus do not serve to compare AOM 400 and PP in the treatment of schizophrenia. However, we have previously reported pre-specified analyses showing superior improvements with AOM 400 (n = 136) vs PP (n = 132) on QLS total score [11] , as well as significantly greater improvements on WoRQ total scores and work readiness with AOM 400 vs PP [12] .
In summary, the large and consistent improvement in mean QLS scores in patients shifting from No to Yes in work readiness suggests a strong association between health-related qualify of life (QLS) and functional capacity to work (WoRQ). These findings highlight that quality of life improvements can translate to tangible and meaningful outcomes for the patient, and importantly, suggest that increasing patients' capacity to work may be a more realistic goal in the treatment of schizophrenia than previously realized. Evaluating capacity to work may further optimize functioning in schizophrenia by directing rehabilitation services to the subgroup with evaluated capacity to work. The WoRQ scale may be useful as a practical, brief, and systematic measure of work readiness that reflects broader functioning in patients with schizophrenia. 
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